METHODS FOR REDUCING CAPACITY DEMANDS FOR CONVEYING 
GEOGRAPHIC LOCATION INFORMATION OVER CAPACITY 
CONSTRAINED WIRELESS SYSTEMS 



5 This application claims the benefit of U.S. Provisional Application No. 60/368,442 

filed March 28, 2002, which document is incorporated herein by reference. 



Field of the Invention 




The present invention generally relates to methods for identifying the location of 
10 movable objects. More particularly, the present invention relates to reducing capacity 
requirements for identifying the current location of movable objects or vehicles wherein the 
location is communicated over capacity-constrained wireless systems. 



Background of the Invention 
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15 Typical modern systems that track the location of movable objects or vehicles utilize 

equipment located within the vehicle or object that incorporates a Global Positioning System 
(GPS) receiver. The GPS receiver captures the absolute coordinates, expressed as latitude 
and longitude, of the vehicle or object and conveys the absolute coordinates to a principal 
entity, such as a personal computer, fleet vehicle dispatch center, or rental car terminal, via a 

20 wireless communications systems. 

Existing systems convey absolute coordinate information utilizing wireless 
communication systems that have significant capacity available, such as, but not limited to, 
the Advanced Mobile Phone Service (AMPS) analog system, Digital AMPS (DAMPS) 
known individually as Code Division Multiple Access (CDMA/IS-95) and Time Division 
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Multiple Access (TDMA/IS-136), the Global System for Mobile communications (GSM), 
Enhanced Data Rates for Global Evolution (EDGE), General Packet Radio Service (GPRS), 
and two-way paging protocols. Such wireless systems typically possess data capacity of 
8,000 bits per second or more. As such, existing systems for conveying geographic location 
5 information fail to teach methods to convey comparable location information over capacity- 
constrained wireless communications systems, including low capacity systems. Examples of 
low capacity wireless communications systems include the Cellemetry® Data Service, which 
has an uplink payload size of 32 bits, and some satellite data systems, such as Vistar 
Datacomm's Global Wave™ system which has an uplink payload size of 88 bits. 

10 Some existing systems reduce the message size necessary to transmit latitude and 

longitude values to a wireless remote (or mobile) unit by communicating only the arithmetic 
difference between a constant value and the desired destination (also known as a reference 
point) relative to the constant value. An example of a commonly used constant or predefined 
value is a known geographic location of a base (cell) site. Thus, all reference point values 

15 are relative to a fixed, constant location known to both ends of the communication and 
separately identified to each end for correlation either by token or contextual association. 

Stated differently, existing systems communicate a numeric value that is the 
arithmetic difference of the absolute geographic coordinates of a reference point (i.e., a 
variable geographic location) and the absolute geographic coordinates of a reference 

20 geographic location (i.e., a constant, predefined geographic coordinate known to both ends of 
the wireless communication), as well the identity of the reference geographic location. An 
example of a commonly used reference geographic location is a wireless system's base site 
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identity (e.g., a radiotelephone system's transceiver site, i.e., BASE_ID of TIA/EIA/IS-95A). 
The identity of the constant absolute geographic coordinate must be either physically 
transmitted, thus consuming additional wireless capacity, or contextually conveyed by virtue 
of the base site with which the remote unit communicates. In either case, the number of 
5 reference geographic locations that can be predefined and identified by a token, such as the 
base site identity, is finite and limited to the number of base sites associated with the host 
wireless system. 

As the remote unit increases in distance from the reference geographic location, the 
arithmetic difference of the respective coordinates increases in size, along with the number of 

10 bits required to express the value of the arithmetic difference. Since the number of reference 
geographic locations that can be known and identified to both ends of a communication is 
finite, the remote unit's distance from a known reference geographic location may become 
large. In such instances, the size, in bits, needed to express the arithmetic difference also 
grows and ultimately exceeds the payload of capacity-constrained wireless systems, such as 

15 the Cellemetry® Data Service and Vistar Datacom's GlobalWave™ system. 

Existing systems fail to teach methods of reducing the message size needed to convey 
a relative coordinate when referring to a geographic location's absolute coordinate, where the 
geographic location is dynamic and the absolute coordinates of the geographic location are 
not predefined. Additionally, existing systems fail to teach maintaining a reduced message 

20 size to convey a relative coordinate regardless of the distance traveled. 

Accordingly, there exists a need to remove the messaging constraints of existing 
systems by eliminating the need to identify a predefined, constant absolute reference 
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geographic location by token or other identification means. Furthermore, eliminating the 
need for remote mobile units to have prior knowledge of one or more fixed geographic 
reference points, either preloaded or downloaded via a wireless communications systems, 
will reduce the cost and complexity for remote mobile units of movable object tracking 
5 systems. 

There is also a need to reduce message size while identifying an unlimited number of 
geographic locations without requiring fixed, constant locations known to both ends of the 
communication, regardless of the distance traveled. Additionally, there is a need to maintain 
a small message size regardless of the distance traveled. 

10 

Summary of the Invention 

The present invention enables efficient communication of location identification 
information for remote movable objects or vehicles over capacity-constrained wireless 
communications systems by transmitting only the truncated latitude and longitude coordinate 

15 data relative to a dynamically alterable coordinate reference anchor. In an exemplary 
embodiment according to this invention, the absolute latitude and longitude coordinates of 
the mobile object's current geographic location are transmitted to a principal entity using one 
or more message transmissions, as necessary to convey 41 bits, via a low capacity wireless 
communications system. Subsequent current positions are conveyed with efficient, single 

20 message transmissions by encoding only the difference between the current location and that 
of the previous location most recently identified by absolute latitude and longitude 
coordinates. 
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According to an exemplary embodiment, a mobile object operates within an 
imaginary grid comprising a 4° by 4° geographic area. The center of the geographic area is 
the position of the most recently transmitted absolute longitude and latitude coordinates or 
full position transmission. The center and location of any grid are initially arbitrary and not 
5 predefined, and thus the potential number of grids is infinite. The full position transmission 
provides the reference for subsequent delta position transmissions that may follow. A delta 
position transmission, or transmission of a numeric value representing the latitude and 
longitude coordinates of a subsequent position relative to the most recently transmitted 
absolute coordinates, is sent as long as the object remains within the most recently 

10 established geographic grid area. When the mobile object travels beyond the grid area, a 
new full position transmission is sent. In this manner, the use of capacity inefficient full 
position transmissions is reduced. 

Exemplary methods and systems according to this invention do not require the use of 
tokens or other identification means representing constant or predefined absolute reference 

15 geographic coordinates in order to receive or transmit absolute or relative latitude and 
longitude coordinate data. Likewise, prior knowledge by the mobile object or the principal 
entity of one or more fixed or predefined geographic reference points, either preloaded or 
downloaded via a wireless communications systems, is not required for receipt or 
transmission of absolute or relative latitude and longitude coordinate data. 

20 

Brief Description of the Drawings 

Figure 1 illustrates an exemplary environment of exemplary methods and systems of 
operation of the present invention. 
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Figure 2 illustrates an exemplary embodiment of the present invention in which a 
4°x4° geographic area is utilized. 

Figure 3 is a flow diagram showing an exemplary method of operation according to 
an exemplary embodiment of the present invention. 

5 

Detailed Description of the Invention 

Referring now to the drawings, in which like reference numerals represent like 
elements throughout the several figures, Fig. 1 is a block diagram illustrating an exemplary 
environment for exemplary methods and systems of operation according to the present 

10 invention. The exemplary environment includes a mobile object 10, represented by an 
automobile in this example, with a remote communications unit 20 installed therein. Remote 
unit 20 includes a Global Positioning System (GPS) receiver 22, a wireless communications 
system transceiver 24, a microprocessor based programmable controller 26, and data storage 
and software programs 28. Remote unit 20 is sufficient to implement exemplary 

15 embodiments of this invention for efficiently reporting location information of one or more 
mobile objects, in which a remote unit 20 is housed, installed, or attached. Because mobile 
object 10 includes remote unit 20, all references to mobile object 10 in the specification and 
drawings should be understood to include remote unit 20 and are referred to simply as 
mobile object 10 to simplify the description. 

20 A principal entity 14, as shown in Fig. 1, receives location data from one or more 

mobile objects 10 via a wireless communications system 12. Some examples of principal 
entities include, but are not limited to, personal computers, fleet vehicle dispatch centers, and 
rental car terminals. Wireless communications system 12 transmits information between 



principal entity 14 and remote unit 20 of mobile object 10. An exemplary wireless 
communications system 12 is the Cellemetry® Data Service, which is well known to those 
skilled in the art. It should be understood that numerous other capacity-constrained wireless 
communications systems may be used, including, but not limited to, the GlobalWave™ 
5 system from Vistar Datacom and MicroBurst® service from Aeris.net™, the capacities of 
which are well known to those skilled in the art. Capacity-constrained wireless systems 
include low capacity systems as well as systems that have a higher capacity but only allocate 
a portion of their capacity for position data. Low capacity systems include those wireless 
communications systems that convey content in one or a small number of asynchronous 

10 packets, wherein the location portion of the content is further constrained, even if only 
intermittently, to an even smaller capacity, such as 41 bits or less, either due to technical 
limitations or reasons of operational efficiency or economy. 

The latitude measurement of the Earth is based on 0 to 90 degrees of height (latitude) 
north and south of the equator. Standard latitude coordinates are provided in degrees, 

15 minutes, and seconds. Accordingly, 648,000 units of resolution are required to express a 
second of degrees latitude (180 degrees * 3600 seconds/degree). This value converted to 
binary requires 20 bits. Longitude (width) measurements are based on 0 to 180 degrees east 
and west of 0 degrees, which is located in Greenwich, England. Thus, 1,296,000 units of 
resolution are required to express a second of degrees longitude (360 degrees * 3600 

20 seconds/degree). In binary, this requires 21 bits. Accordingly, to combine absolute latitude 
and longitude coordinates into a single message requires 41 bits, which is prohibitive or 
inefficient for many capacity-constrained wireless communications systems. 
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Referring now to Fig. 2, each mobile object 10 shown represents the same mobile 
object at various locations during the mobile object's travel or movement. Mobile object 10 
utilizes a GPS receiver to acquire the mobile object's current absolute latitude and longitude 
coordinates over wireless communications system 12. An initial communication of the 
5 position of mobile object 10 occurs in the center of a grid 30 at a location 32. As shown in 
the exemplary embodiment illustrated in Fig. 2, grid 30 is a virtual geographic area 4° x 4° in 
size, with its center dynamically and arbitrarily located at the physical position where mobile 
object 10 is situated when initially communicating its full position using latitude and 
longitude coordinates. It should be understood that other shapes, including but not limited to 
10 circles, rectangles, and ovals, may be used for grids or geographic areas. It should also be 
understood that the reference location is not required to be in the center of the geographic 
area but may be at a corner or any other location within or on the boundaries of such 
geographic area. 

As described above, absolute latitude and longitude coordinates are a combined 41 
15 bits in size. The data payload of an exemplary wireless communications system 12, such as 
the Cellemetry® Data Service, may be less than 41 bits, for example, 32 bits. As noted 
above, it should be understood that numerous other capacity-constrained wireless 
communications systems, particularly low capacity systems, may be used. Because 41 bits 
are required, mobile object 10 splits the absolute latitude and longitude coordinates between 
20 two sequential messages (collectively, a full position transmission) and sends the full 
position transmission to principal entity 14 over wireless communications system 12. 

As shown in Fig. 2, mobile object 10 moves to another location 34, where mobile 
object 10 again transmits its position to principal entity 14. The transmission by mobile 



object 10 of its position at location 34 may be stimulated by any of a myriad number of 
causes or events unique to the endeavors of mobile object 10, such as, for example, 
environmental change, speed, or alarm events. The identification of such causes or events is 
not particularly significant, except to note that the physical location can be arbitrary relative 
5 to the cause or event that prompts the transmission. Since mobile object 10 is still within the 
4° square area of grid 30, the position transmission at location 34 can be truncated as the 
difference between the longitude and latitude coordinates at location 34 and the longitude 
and latitude coordinates at location 32, which is the position where absolute coordinates were 
most recently previously transmitted to principal entity 14. This relative difference or 
10 truncated position transmission may be referred to as a delta position transmission. Upon 
receipt of the delta position transmission from location 34, principal entity 14 can 
arithmetically apply this delta position transmission to the most recent full position 
transmission to calculate the absolute latitude and longitude coordinates of mobile object 10 
at location 34. 

15 Using 4° square area grids, as in the exemplary embodiment shown in Fig. 2, a delta 

position transmission requires a maximum of 28 binary bits. Thus, a delta position 
transmission requires only a single message when using a wireless communications system 
with a payload of 28 bits or more. This allows wireless communications system 12 to be a 
capacity-constrained wireless communications system, such as the Cellemetry® Data 

20 Service, which, as noted above, is a low capacity system with a message capacity of 32 bits. 

As shown in Fig. 2, mobile object 10 moves from location 34 to another location 38, 
where mobile object 10 again transmits its position to principal entity 14. Because mobile 
object 10 has moved outside of grid 30, mobile object 10 establishes a new grid 36 by 



sending a full position transmission to principal entity 14. As before, mobile object 10 splits 
the absolute latitude and longitude coordinates of location 38 between two sequential 
messages and sends the full position transmission to principal entity 14 over wireless 
communications system 12. 
5 Next, mobile object 10 moves from location 38 to another location 40, where mobile 

object 10 transmits its position to principal entity 14. Because mobile object 10 is still within 
the 4° square area of grid 36, mobile object 10 sends a delta position transmission at location 
40, transmitting the difference between the longitude and latitude coordinates at location 40 
and the coordinates at location 38. This difference can be expressed in, at most, 28 binary 

10 bits, thus again making possible transmission by a single 32-bit message over wireless 
communications system 12. Upon receipt of the delta position transmission from location 
40, principal entity 14 can arithmetically apply this delta position transmission to the most 
recent full position transmission to calculate the absolute latitude and longitude coordinates 
of mobile object 1 0 at location 40. 

15 According to the exemplary embodiment shown in Fig. 2, mobile object 10 operates 

within an imaginary grid, such as grids 30 and 36, comprising a 4° by 4° geographic area. It 
should be understood that the geographic location of any grid is initially arbitrary and thus 
the potential number of grids is infinite. The location of a particular grid or reference point is 
not predefined. Exemplary embodiments according to the present invention do not require 

20 identification of a predefined, constant absolute reference geographic location by token or 
other identification means. As can be understood from this description, even though 
reference locations 32 and 38 are not predefined, the capacity required of wireless 
communications system 12 has been dramatically reduced, constituting a significant 
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improvement in cost and efficiency when utilizing capacity-constrained wireless systems to 
track the location of movable objects or vehicles. 

When the delta position of mobile object 10 cannot be sent to principal entity 14 via 
an efficient transmission over the capacity-constrained wireless communications media (e.g., 
5 a single message in the embodiment described in conjunction with Fig. 2), then a new full 
position is established and the absolute latitude and longitude coordinates of mobile object 
10 are transmitted to principal entity 14. The size of the geographic area within which 
relative difference encoded messaging is used is predetermined based on the message 
capacity of low capacity wireless communications system or the message capacity allocated 

10 for position data for other capacity-constrained wireless systems. With the exemplary 
embodiment discussed in Fig. 2 using the Cellemetry® Data Service as the wireless 
communications system, a preferred geographical area is 4°. A full position transmission, 
requiring two messages, establishes the center and area of a grid, defined as 4° x 4°. This full 
position transmission provides the reference for subsequent delta position transmissions that 

15 may follow. A delta position transmission, requiring only one message, is sent as long as the 
object remains within the most recently established grid area. When the object travels 
beyond the grid area, a new full position transmission is sent. In this manner, the use of 
capacity inefficient full position transmissions is reduced. 

Figure 3 shows an exemplary method of operation according to an exemplary 

20 embodiment of the present invention. In this exemplary embodiment, the size of the 
geographic area or grid is predetermined on a per wireless system basis. The maximum 
value expressable in the wireless communications system's most succinct message is used to 
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determine the largest geographic area within which a location may be expressed as a relative 
position to the most recently transmitted previous absolute geographic position. The mobile 
object is programmed to use a particular size based on the choice of wireless system. For 
example, the most efficient use of the Cellemetry Data Service is a single message of 32 bits 
5 or less. Accordingly, 4 degrees * 3600 seconds/degree is 14,400i 0 , which is 3840 16 and may 
be expressed in 14 bits. With 14 bits for latitude and 14 bits for longitude, the resultant 28 
bits is the largest size that can be most efficiently conveyed by the Cellemetry Data Service. 
Thus, 4°x4° is a preferred geographical area for Cellemetry Data Service. In an exemplary 
embodiment using the Cellemetry Data Service, two of the remaining four bits are used to 

10 identify the type of payload (full position, delta position, other, etc.), while the other two 
remaining bits are used for packet sequence numbering, but may be used for other non- 
location identification purposes. 

At block 102, the mobile object identifies its current absolute physical latitude and 
longitude coordinates. Receipt and/or transmission by the mobile object of its position may 

15 be stimulated by any of a myriad number of causes or events unique to the endeavors of the 
mobile object, such as, for example, environmental change, speed, or alarm events. The 
identification of such causes or events is not particularly significant, except to note that the 
physical location can be arbitrary relative to the cause or event that prompts the transmission. 
If the absolute coordinates are the first coordinates received by the mobile object in a 

20 particular session or a continuous period of sequential asynchronous location identifications 
(e.g., when the object is moved for the first time after a period of rest or when the mobile 
object is first powered up after a period of being without power, etc.), block 104, then the 
mobile object transmits its current absolute latitude and longitude coordinates to a principal 



entity via a wireless communications system, block 106. Message transmissions from a 
mobile object to a principal entity are asynchronous and either spontaneous due to a local 
event stimulus or reactive to a principal entity interrogation. 

If the absolute coordinates are not the first absolute coordinates received by the 
5 mobile object in the period or session, block 104, then the mobile object determines its delta 
position or its current longitude and latitude position relative to the most recent previously 
transmitted absolute geographic position, block 108. At block 110, the mobile object 
determines whether its delta position is outside the current grid or geographic area. As an 
example, if the delta position value (expressed in binary) is larger than a predetermined 
10 number of bits, based on the capacity of the wireless communications system, then the 
mobile object determines that it is outside the grid. 

If the delta position of the mobile object is not outside the grid, block 110, the mobile 
object transmits the numeric value of its delta position (relative to the most recently 
transmitted absolute geographic position) to a principal entity via a wireless communications 
15 system, block 112. At block 1 10, if the delta position of the mobile object is outside the grid, 
the mobile object transmits it current absolute latitude and longitude position, block 106, and 
a new grid area is established. 

The foregoing description of the exemplary embodiments of the invention has been 
presented only for the purposes of illustration and description and is not intended to be 
20 exhaustive or to limit the invention to the precise forms disclosed. Many modifications and 
variations are possible in light of the above teaching. 

The embodiments were chosen and described in order to explain the principles of the 
invention and their practical application so as to enable others skilled in the art to utilize the 
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invention and various embodiments and with various modifications as are suited to the 
particular use contemplated. Alternative embodiments will become apparent to those skilled 
in the art to which the present invention pertains without departing from its spirit and scope. 
Accordingly, the scope of the present invention is defined by the appended claims rather than 
5 the foregoing description and the exemplary embodiments described therein 
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